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ABSTRACT  
Microbiologically influenced corrosion is a problem commonly encountered in facilities in the oil and gas 
industries. The present study described fungal enumeration and identification in biofilms of oil pipelines in 
Oshie flow station in Rivers State and Irri flow station in Delta State, Nigeria using traditional cultivation 
technique.  The fungal species isolated in biofilms from the two sites are as follows Verticillium dahlae, 
Saccharomyces cerevisiae, Penicillium corylophilum, Botrytis cinerea, Fusarium paradoxus, Aspergillus 
paradoxus, Humicola grisae, Aureobasidium pullulans, Monilia balanitis, Hormoconis resinea, Asperillus flavus 
and Helimenthosporium maydis. The study also focuses on the use of three biocides to inhibit or eliminate the 
identified organisms in order to minimize the material and financial losses encountered by oil and gas 
companies, because of microbiologically influenced corrosion (MIC). The performance of three biocides (ozone, 
sodium hypochlorite and formaldehyde) at the concentrations 0, 1, 2, 3, 4 and 5% in eliminating the fungal 
species isolated from biofilms of oil pipelines in Rivers and Delta States, Niger Delta, Nigeria. It is shown that 
formaldehyde an ozone exhibit the best biocidal characteristics and concentrations of 1 and 2 % eliminated all to 
almost the fungal species after 72 hours of contact time. This study is relevant to the problem of 
microbiologically influenced corrosion as the data may contribute to elucidate which fungal species contribute to 
the MIC process and to gain a better understanding of the fungal community of biofilms. This study will give us 
better understanding of the biocide capable of eliminating fungal species in biofilm of oil and gas pipelines.    
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1. Introduction 
Microbiological influenced corrosion of mild steel pipelines is  an important economical problem facing 
oil and gas industries. Microbes form tubercles, which block fluid flow and can facilitate localized corrosion 
leading to through-wall penetrations. Microbes of diverse physiological types and metabolism potentialities have 
been recovered from fresh tubercles or under-deposits corrosion and characterized. Microbiological influenced 
corrosion is increasingly recognized as a serious problem when metal surfaces are exposed to natural waters 
(Pope et al., 1984).  
Microbiologically influenced corrosion or biocorrosion is a corrosion problem in the oil and gas 
industries facilities. These may occur when microbial consortia interact with metallic surfaces through the 
establishment of multispecies biofilms in which different microorganisms contribute to corrosion through a co-
operative global metabolism (Little and Ray 2002; Frenchel 2002). Corrosion affects the operation and 
maintenance cost of the pipelines, and many oil pipelines face severe corrosion and biofouling problems (Benka 
Coker et al. 1995).  
Generally, most microbiologically influenced corrosion studies focused only a bacterial involvement, 
however, under aerobic conditions, other singled celled organisms such as fungi, yeast and diatoms can also 
influenced corrosion (Prasad, 2000).  
The predominant types of fungi associated with MIC are acid producing fungi (Hormoconis resiaea) 
hydrocarbon utilizing fungi(Penicillium sp.and Candida species), heterotrophic fungi (Saccharomycess sp ) and 
fungi secreting organic acids and slime (Puyate and Rim-Rukeh, 2008).   
These organisms coexist within a biofilm matrix of metal surfaces, functioning as a consortium in a 
complex and coordinated manner. The various mechanisms of biocorrosion reflex the variety of physiological 
activities carried out by these different types of microorganisms when they coexist in biofilms (Al-Saleh et al., 
2011). The activities of these microorganisms causing corrosion of petroleum pipelines may be controlled or 
inhibited by the application of biocides or surfactants (Lechevallier et al., 1988).  Examples of biocides are 
chlorine, sodium azide, glutaraldehyde and sodium hypochlorite (Videla, 1996). 
Despite decades of study on MIC, it is still not known with certainty how many species of 
microorganisms contribute to corrosion and researchers continue to report on the formation of biofilms by an 
ever-widening range of microbial species. However, in this study, we have isolated and identified different 
fungal species from biofilms of oil pipelines. This study was therefore designed to identify other microorganisms 
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other than heterotrophic and sulphate-reducing bacteria involved in the corrosion of oil pipelines and the control 
measures in order to eliminate the losses faced by oil and gas industries. 
 
2. Materials and Methods 
2.1 Sampling of Biofilms  
To obtain the biofilm samples, twenty mild steel coupons (surface area 4.57cm2, each and density 7.57 
g/cm3 each) were placed at the inner surface of each pipeline (Fig.  1). The coupons have the same chemical 
composition as the pipelines. Two coupons were placed per pipeline and exposed to the flow of petroleum for a 
period of 127 days. The involved pipelines were located at the Oshie flow station in Rivers State and Irri flow 
station in Delta State of Nigeria. Five pipelines were marked for sampling per flow station; overall, ten pipelines 
were sampled. The coupons were detached from the inner regions of the oil pipelines and the biofilms, formed 
were removed with sterile razor blades and collected into sterile bottle with 10ml phosphate buffered saline pH 
7.0 (Sambrook et al.,  2000). 
The biofilm samples were name according to the involved pipelines in Rivers State are: OSH 01 
(7TBG), OSH 04 (6LS), OSH 13 (6 SS), OSH 17 (11 SS), EOC 04 (OBF 31 LS), Pipelines marked for sampling 
in Delta State are: Irri 02 (Irri 4LS), Irri 06 (Irri 2T), Irri 07 (ISK 4LS), Kwale 05 (Kwale IPP), Kwale 06 (8LS), 
 
2.2 Microbiological Analysis  
i) Serial Dilution: Ten-fold serial dilutions of the biofilm samples were made as outlined by (Collins and 
Lyne) Harrigan and McCance 1976).  
ii) Inoculation and Incubation: One milliliter of ten-fold serially diluted biofilms samples were 
inoculated onto Sabouraud Dextrose Agar plates in triplicates using pour plate technique (Collins and 
McCance 1976), inoculated plates were incubated at 28oC for 48-72 hours for the enumeration of total 
heterotrophic fungi. Visible discrete colonies in incubated plates were counted and expressed as colony 
forming units per ml (cfu/ml) of biofilm samples.  
(iii) Maintenance of pure culture discrete colonies was purified by repeated sub-culture unto Sabouraud 
Dextrose Agar. Pure culture were preserved on Sabouraud Dextrose Agar slants and stored in the 
refrigerator (4oC) for further tests and identification (IV) characterization and identification of fungal 
isolates. Fungal isolates were identified based on the taxonomic schemes of (Lodder, 1974 and Domsch 
et al., 1980). Briefly, the wet mount for examination and identification of fungal isolates was employed 
using lactophenol in cotton blue stain. A drop of lactophenol in cotton blue stain was placed on a clean 
slide, using sterile inoculating needle, a loopful of 5-7 days cultures were transferred unto clean grease 
free slides. The specimens were flooded with lactophenol in cotton stain for 3-5 minutes. The slides 
were carefully covered with cover slip to avoid air bubbles and then mounted on the microscope. The 
slides were then placed under a X 40 objective of the microscope to focus.  
The following features were looked for and recorded: colony colour, types of stoma, nature of 
hypha, special vegetative structures, asexual spores, special reproductive structures, conidial head and 
vesicle shapes.    
 
2.3  Preparation of Culture Medium/Biocide     
 The medium of choice for the determination of minimum inhibitory concentration is Sabouraud 
Dextrose Broth. Thirty grammes of Sabouraud Dextrose Broth was suspended in 1000 ml of distilled water and 
heated gently to dissolve the medium completely. The medium was dispensed into  test tubes 99ml, 98ml, 97ml, 
96ml, 95ml and 90ml for control, bearing the name of the organisms to be tested and the percentage biocides to 
be used (that is, 0,1,2,3,4,5%) then sterilized  by autoclaving at 121oC for  15 minutes  and allowed to cool 
before inoculated with the biocides and isolates. 
 
2.4 Preparation of Biocides  
i. Ozone       
One per cent (1%) ozone was prepared adding 1ml ozone to the 99ml sabouraud dextrose broth (SDB).  
Two per cent (2%) was prepared by adding 2 ml Ozone to the 98ml sabouraud dextrose broth. 
Three per cent (3%) was prepared by adding 3ml Ozone to the 97ml sabouraud dextrose broth.  
Four per cent (4%) was prepared by adding 4ml Ozone to the 96ml sabouraud dextrose broth and,  
Five per cent (5%) was prepared by adding 5ml Ozone to the 95 ml sabouraud dextrose broth. 
ii. Sodium hypochlorite (NaOCl)  
One per cent (1%) was prepared by adding 1ml sodium hypochlorite to the 99ml sabouraud dextrose broth.  
Two per cent (2%) was prepared by adding 2ml sodium hypochlorite to the 98ml sodium hypochlorite 
Thee per cent (3%) was prepared by adding 3ml sodium hypochlorite to the 97 ml sabouraud dextrose broth. 
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Four per cent (4%) was prepared by adding 4ml sodium hypochlorite to the 96ml sabouraud dextrose broth, and 
5% was prepared by adding Five per cent (5%) was prepared by adding 5 ml sodium hypochlorite to the 95ml 
sabouraud dextrose broth.  
iii. Formaldehyde (HCHO) 
One per cent (1%) was prepared by adding 1ml formaldehyde to the 99ml sabouraud dextrose broth.  
Two per cent (2%) was prepared by adding 2ml formaldehyde to the 98ml sodium hypochlorite 
Thee per cent (3%) was prepared by adding 3ml formaldehyde to the 97 ml sabouraud dextrose broth. 
Four per cent (4%) was prepared by adding 4ml formaldehyde to the 96ml sabouraud dextrose broth, and 5% 
was prepared by adding Five per cent (5%) was prepared by adding 5 ml formaldehyde to the 95ml sabouraud 
dextrose broth.  
 
2.5 Inoculation and Incubation of Isolates for MIC.  
Antimicrobial activity is measured by determining the smallest amount of the agent needed to inhibit 
the growth of a test organism, a value called minimum inhibitory concentration (MIC). To determine the MIC 
for the three biocides (ozone, sodium hypochlorite and formaldehyde) against all the detected fungi, series of 
culture tubes were prepared and inoculated. Each tube contains Sabouraud Dextrose Broth with different 
concentration of the agents (0, control (with no biocide but distilled water), 2,3,4 and 5 percent). The tubes were 
incubated for a period of 48-72 hours at 28oC. After incubation, the tubes were checked for visible growth 
(turbidity), and the MIC determined colorimetrically by measuring g the absorbance at 680nm (Table 1) control 
tubes were inoculated with sterile distilled water. The efficiencies (E%) of biocides (Table 2) were calculated 
according to the following equation:  
E% = E uninhibited – E inhibited    x  100  
       E uninhibited            
 
3. Results and Discussion  
The results in Figures 1 and 2 show the number of fungal species isolated from biofilms of oil pipelines 
in Rivers State and Delta State respectively.  This indicated that twelve fungal species were isolated from 
biofilms of oil pipelines in both Rivers and Delta State.  
These fungi included the following: Verticillium dahlae, Saccharomyces cerevisiae, Penicillium 
corylophilum, Botrytis cinerea, Fusarium paradoxus, Aspergillus paradoxus, Humicola grisae, Aureobasidium 
pullulans, Monilia balanitis, Hormoconis resinea, Asperillus flavus and Helimenthosporium maydis, one of the 
simplest ways to measure the effect of biocides on an organism is by determining the minimum inhibitory 
concentration (mic) which prevent growth in a suitable medium.  
The results in Tables 1 and 2 showed the biocidal activity and biocidal efficiencies of each biocide at 
different concentration against each fungal specie isolated from biofilms of oil pipelines. It may be seen that 
ozone, completely eliminated Iso I (Verticillium dahlae) from one per cent with biocidal efficiency of 100% and 
then Formaldhyde with the biocidal activity of 0.01nm from 1 per cent level of concentration and the organism 
was completely wiped off from 2 per cent levels of concentration with the biocidal efficiency of 100 per cent. 
This was followed by sodium hypochlorite, which depressed the organism from 1% concentration level up to 4% 
concentration levels where the organism was eliminated with the biocidal efficiency ranging from 43.59-100%. 
The reason why ozone and formaldehyde have 100% efficiencies may be due to their ability to permeate the cell 
membrane of the microorganism.  
This observation corroborate the reports by Bessems (1983), that the cell membrane of microorganisms 
is composed of several lipids and protein layers arranged together in a specific arrangement called the bilayer (or 
multi-layer lipoprotein structure). The presence of the lipids as a building unit in the cell membrane acquires 
them their hydrophobic character. The selective permeability of the lipoprotein membrane represents the main 
function, which control the biological reaction in the cell. Hence, any factor influencing that permeability causes 
a great damage to the microorganism, which leads to it dead. The biocidal activities and efficiencies of the three 
biocides against Iso 2 (Saccharomyces cerevisiae) shows that formaldehyde completely wiped out the organism 
from 2% levels of concentrations, with the biocidal efficiency of 71.42 in 1 per cent concentration and 100% 
from 2% to 5% concentration levels.  This was followed by sodium hypochlorite and ozone that depressed the 
organisms and the degree of reduction of the organism increases as the concentration of each biocide increases. 
This indicates that after 72 hours of contact time 2% formaldehyde eliminated the organism followed by sodium 
hypochlorite and than ozone sodium hypochlorite and ozone did not achieve 100% efficiency on Iso 2, many be 
due to inability of the chemicals to permeate the cell. It may also be because Iso 2 is able to degrade the 
chemicals and use them as sources of carbon. This observation is in line with earlier report by Muthukumar et 
al., (2007), who opined that in the petroleum transporting pipelines, many biocides /some microorganisms, 
hence, degrade inhibitors used control measures, including the selection of biocides are important aspects for 
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petroleum industry. The biocidal activity and efficiency of the biocides against Iso 3 (Penicillium corylophilum) 
shows that formaldehyde and ozone completely eliminated the organism from 1 per cent and 2 per cent levels of 
concentrations respectively, after 72 hours contact time, followed by sodium hypochlorite which only depressed 
the organism and the degree of reduction of the organism increased as the concentration of the biocide increases. 
The reason why formaldehyde and ozone are able to completely wiped off the organism may be because the 
chemicals have the potency to kill the organism or inhibit growth and reproductive cycles of the organism by 
poisoning the microbial enzymes and causing protein denaturation, cell leakage and lysis. This observation 
corroborates the reports by Longley et al., (1980), who stressed that formaldehyde is an effective biocide that 
acts both on proteins and on lipopolysaccharides of organism’s cell envelope.  Formaldehyde is known to be 
effective even at low concentration of 0.1ppm; the same is true for ozone.  Sodium hypochlorite did not 
completely wipe off the isolate even at 5% level concentration, because the biocide cannot permeate the 
lipoprotein membrane of the fungal cell. Although, the biocide did not completely wipe off the organism, but it 
has achieved up to 95.91 per cent efficiency, this is in line with the reports by Guiamet and de Saravia (2005), 
which showed that the effective concentration of biocide for the control of microbial growth in a system ranges 
from 0.1 to 0.5 ppm.  
The biocidal activity and efficiency of the three biocides against Iso 4 and 5 (Botrytis cinerae and 
Fusarium oxysporum) (Tables 1 and 2) showed that the three biocides depressed the two isolates with increasing 
concentration level. However, Formaldehyde eliminated Iso 4 (Botrytis cinerae) and sodium hypochlorite 
eliminated Iso 5 (Fusarium oxysporum) from 1 per cent concentration level. Ozone only depressed Iso 4 and Iso 
5 (Botrytis cenerea and Fusarium oxysporum) as the concentration of the biocides increases with efficiencies up 
to 97.82 per cent for Iso 4 and 5 respectively. This may be ascribed to the fact that the two organisms are able to 
degrade the chemicals and use them as sources of carbon. The effects of the three biocides against Iso 6 and 7 
(Aspergillus paradoxus and Humicola grisae) showed that formaldehyde depressed Iso 6 and 7 as the 
concentration increases, and completely wiped off Iso 6 from 2 per cent concentration, whereas Iso 7 was 
completely eliminated from 4 per cent concentration. Ozone and sodium hypochlorite depressed the two 
organisms and the degree of reduction increased as the concentrations of the biocides increase, ozone is observed 
to wipe out Iso 6 from 4 percent concentration. The results reported here lend further evidence to the hypothesis 
that biocides are antimicrobial chemicals that have the potency to kill microorganisms or inhibit their growth and 
reproductive cycles by poisoning the microbial enzymes and causing protein denaturation, cell leakage and lysis.  
The biocidal activity and efficiency of the three biocides against Iso 8 and 9 (Aureobasidium pullulans 
and monillia balanitis (Tables 1 and 2) depressed Aureobasidium pullulans and Monilia balanitis and the degree 
of reduction of the organisms increased as the concentration of the biocides increases.  The biocide finally 
eliminated the two isolates at 3 per cent and 4, per cent respectively with 100 per cent efficiencies (Table 2) after 
72 hours of contact time. Similarly, the same trend was observed in the case of sodium hypochlorite against the 
two organisms, except that the organisms were eliminated, but efficiencies of 97.92 per cent were achieved by 
the two biocides against the organisms. 
The biocidal activity and efficiency of formaldehyde against Iso 8 and 9 showed that the biocide 
depressed Aureobasidium pullulans as the concentration increases with 97.78 per cent efficiency against the 
organism. On the other hand, the biocide depressed Monilia balanitis as the concentration increases with final 
elimination of the organism at 3 per cent concentration achieved the efficiency of 100 per cent against the 
organism. These results are in line with the report by Videla (1996) that biocide is said to be effective if it can 
achieve at least 4 log reduction of total planktonic microorganisms. In this study, the biocides used have 
achieved between 97.78-100 per cent efficiencies, indicating almost to total elimination of the organisms. 
The biocidal activities and efficiencies of the three biocides against Iso 10 and 11 (Hormoconis resinae 
and Aspergillus flavus) (Tables 1 and 2) showed that the three biocides performed efficiently. It is observed that 
ozone depressed those two organisms with total elimination of Iso 10 at 3 per cent concentration and Iso 11 from 
2 per cent concentration achieving efficiencies of 97.54-100 per cent respectively against, the organisms.  
Similarly, the same result was observed on the effect of sodium hypochlorite against the organisms. It 
was also observed that formaldehyde showed the best biocidal efficacy against the two organisms by eliminating 
the organisms from 1 per cent concentration achieving 100 per cent efficiency against the organisms 
respectively. This result further confirms the report that formaldehyde is a non-oxidising biocide that acts both 
on proteins and on lipopolyscchasides of organism’s cell envelope (Longley et al., 1980). The biocide is known 
to be effective even at low concentration of 0.1ppm. The results in Tables 1 and 2 show the performance of the 
same concentration of the three biocides on Iso 12 (Helminthosporium maydis). 
It is observed that the three biocides performed effectively against the fungus by achieving 100 per cent, 
efficiencies respectively. As the concentration of a biocide increases, its performance also increases. This result 
also demonstrated that formaldehyde is known to be effective against microorganisms even at low concentration 
of 0.1 ppm (Longley, et al., 1980).  
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4. Conclusion  
Laboratory investigations of the effects of different concentrations (0, 1, 2, 3, 4 and 5%) of each of the 
three biocides (ozone, sodium hypochlorite and formaldehyde) on 12 fungal species isolated from biofilms of 
corroded oil pipelines. It is shown that the performance of each biocide increases as the concentration increases 
at 72 hours contact time. The results further demonstrated that formaldehyde and ozone exhibited the best 
biocidal efficacy against all the fungal species, even up to 100 per cent efficiency against most of the fungi, 
followed by sodium hypochlorite. These three biocides have the potency to kill microorganism and inhibit their 
growth and reproductive cycles by poisoning the microbial enzymes and causing protein denaturation, cell 
leakage and lysis. The choice of these biocides is based on their reported environmental friendliness and stability 
over a wide range of pH. The present study aimed to detect and control fungal species inhabiting biofilms of oil 
pipeline in order to minimize the economic losses as well as environmental health and safty hazards caused by 
the activity of these organisms.    
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Figure 1: Fungal Populations per Oil Pipeline in Rivers State 
 
 
Figure 2: Fungal Populations per Oil Pipeline in Delta State 
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